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ABSTRACT 
 Despite widespread attention to the HIV care continuum over the past several years, little 
attention has focused on the 45% of PLWH that are not retained in care who are responsible for 
more than 60% of new HIV infections. The gaps in the HIV care continuum are further 
compounded by the disproportionate burden of HIV among individuals affected by social and 
economic disparities. The purpose of the study was to identify potential community level and 
individual level characteristics of re-linkage to HIV care among out of care people living with 
HIV (PLWH). Andersen’s Behavioral Model (ABM), a health services research model that 
describes access and use of health care in vulnerable populations, was the theoretical framework 
applied in the study.  
 A two-level generalized linear model was used to test the constructs of ABM and their 
association with re-linkage to outpatient HIV care after a gap in care of six months or more 
among out of care, hospitalized PLWH. A total of 328 hospitalized PLWH encountered at two 
urban hospitals from 2013-2016 nested in 12 zip codes were included in the study. Community 
data at the zip code level was obtained from the American Community Survey (2010-2014) and 
the Maryland HIV Epidemiologic Report (2013).  Composite scores for socioeconomic 
disadvantage were created based on the mean of five tested measures using regression 
methodology. Zip code level HIV prevalence was also tested. 
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 The intraclass correlation coefficient, derived from the unconditional model was 0, 
indicating no significant clustering by zip code. However, the multi-level framework was 
maintained for the bivariate and multivariate analyses based on the study’s theoretical model. 
The final model indicated that participants with a non-IDU associated risk factor, without a 
substance use history and with stable housing are more likely to re-link to HIV care after 
hospitalization (intercept = -0.7139) than individuals with these characteristics and re-linking 
based on the unconditional model (intercept = -0.1834). The predicted probably of re-linkage to 
care was 0.70 in the conditional model, versus 0.54 in the unconditional model. The deviance 
test between two models indicated a better fit in the conditional model (X2diff = 16.26).  
 This study identified characteristics of re-linkage to HIV care after hospitalization among 
PLWH who are out of care in Baltimore, Maryland. Some findings are consistent with research 
pertaining to other parts of the HIV care continuum, however, the results of this study indicate 
that re-linkage is its own concept and perhaps its own stage of the HIV care continuum. Future 
research that covers a broader geographic base is needed to determine if there is zip-code level 
effects on re-linkage to HIV care. Furthermore, future research should examine longitudinal HIV 
care continuum outcomes (i.e. retention, viral suppression) after re-linkage to care. Other 
measures should be considered as part of the ABM framework, in order to better understand the 
concept of re-linkage to HIV care. Finally, operations research is needed to test interventions in 
this population based on research findings.  
The form and content of this abstract are approved. I recommend its publication. 
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Landmark policy initiatives and scientific advances over the past 25 years have 
revolutionized the landscape of clinical care of human immunodeficiency virus (HIV) and set 
in motion a vision for an AIDS-free generation (The Henry J. Kaiser Family Foundation, 
2013; White House Office of National AIDS Policy, 2015). Early treatment of HIV prevents 
disease morbidity and mortality (Kinloch, Smith, Tsz-Shan, Ellis, & Johnson, 2015) and 
allows for secondary prevention of HIV (Blair et al., 2014; Cohen et al., 2011; Kitahata et al., 
2009). Our nation is at a critical turning point to address the HIV epidemic due to the 
alignment of policy and science, framing a vision for an AIDS-free generation (Cohen et al., 
2011; The Henry J. Kaiser Family Foundation, 2013; White House Office of National AIDS 
Policy, 2010).   
Despite marked progress, of the 1.2 million persons living with HIV (PLWH) in the 
United States, only 55% are retained in regular care and 30% are successfully treated with 
antiretroviral therapy (ART) (Centers for Disease Control and Prevention, 2013; E. M. 
Gardner, McLees, Steiner, Del Rio, & Burman, 2011). Successful treatment requires PLWH 
to engage in specific behaviors that potentiate engagement in HIV care (Cheever, 2007; Ulett 
et al., 2009). Poor engagement in HIV care is associated with poor clinical outcomes, as well 
as HIV disease transmission (Giordano, Suarez-Almazor, & Grimes, 2005; Skarbinski et al., 
2015). In fact, PLWH not retained in regular care are responsible for more than 60% of new 
HIV infections (Skarbinski et al., 2015).  
Gardner and colleagues (2011) published a seminal article calling attention to each 
stage of the HIV care continuum: diagnosis, linkage to care, retention, and viral suppression. 
2 
 
Using existing epidemiologic data to model the HIV care continuum, the authors concluded 
that substantial improvements in engagement in HIV care are needed to decrease the rate of 
new HIV infections in the United States and that curbing the HIV epidemic is only possible 
by closing the identified gaps (E. M. Gardner et al., 2011).  
Problem Statement 
Despite widespread attention to the HIV care continuum over the past several years, 
little attention has focused on the 45% of PLWH that are not retained in care who are 
responsible for more than 60% of new HIV infections (Blair et al., 2014; Skarbinski et al., 
2015). Described as the “churn” in and out of HIV care (The Foundation for AIDS Research, 
2016), for most PLWH in the United States it is not a matter of if they will fall out of care but 
when they will fall out of care (Mauntel-Medici, 2016). While significant focus has been 
placed on engagement in HIV care, little is known about the barriers and facilitators of re-
engagement after a gap in care.  
The gaps in the HIV care continuum are further compounded by the fact that there is 
a disproportionate burden of HIV among individuals affected by social and economic 
disparities (Centers for Disease Control and Prevention, 2011). Lack of engagement in HIV 
care is associated with identifying as African American, a history of substance abuse, level of 
motivation to seek care, life issues, depression and younger age (Anthony et al., 2007; W. 
Cunningham et al., 1999; Giordano, Visnegarwala, et al., 2005; Hall et al., 2013; Park et al., 
2008). In today’s health care system, there is recognition that populations that face health 
disparities require specific attention to promote health equity and improve access to care 
(Knickman, Kovner, & Jonas, 2015). PLWH who are out of care represent a disenfranchised 
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population, with embedded sub-populations who have varying needs (Christopoulos, Das, & 
Colfax, 2011).  
Specific Aims  
The purpose of the study was to identify potential community level and individual level 
characteristics of re-linkage to HIV care among out of care people living with HIV (PLWH). 
Four specific aims will be addressed this study: 
1. Describe the sample of PLWH that are identified as out of care during a 
hospitalization at two urban academic medical centers from 2013-2016.   
2. Identify potential individual-level predictors of re-linkage to HIV care among PLWH 
that are identified as out of care during a hospital encounter from 2013-2016.  
3. Identify potential community-level predictors of re-linkage to HIV care among 
PLWH that are identified as out of care during a hospital encounter from 2013-2016. 
4. Identify cross-level interactions between individual-level and community-level 
predictors of re-linkage to HIV care.  
The sample for the study are PLWH identified as out of care at the time they were 
hospitalized at two urban medical centers from 2013-2016. Andersen’s Behavioral Model 
(ABM), a health services research model that describes access and use of health care in 
vulnerable populations, is the theoretical framework for this study (see Chapter 2) (Aday & 
Andersen, 1974; Andersen, 1995; Gelberg, Andersen, & Leake, 2000; Gelberg, Gallagher, 
Andersen, & Koegel, 1997). 
Significance 
There is clinical significance to each stage of engagement in HIV care. Early linkage 
to HIV care is associated with increased survival (decreased mortality) and retention in HIV 
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care is associated with improved health outcomes, including increased viral suppression 
(Giordano et al., 2007; Mugavero et al., 2009; Mugavero, Westfall, Cole, Geng, Crane, 
Kitahata, Mathews, Napravnik, Eron, Moore, Keruly, Mayer, Giordano, Raper, et al., 2014; 
Tripathi, Youmans, Gibson, & Duffus, 2011). Progression along the stages of engagement in 
HIV care is critical for secondary prevention of HIV. Engagement in HIV care is also 
associated with reduced health care costs (Fleishman, Yehia, Moore, & Gebo, 2010; Shapiro 
et al., 1999). A better understanding of what influences out of care PLWH to re-link to 
outpatient care after a gap in care provides an opportunity to improve clinical and public 
health outcomes, as well as contribute to a reduction in health care costs.  
Hospitalized PLWH in particular are frequently not linked to or retained in HIV care and 
have myriad of psychosocial issues including low socio-economic status, substance abuse, 
mental health diagnoses, unstable housing, high rate of STIs and health complications related 
to their HIV disease (Metsch et al., 2009). Hospitalization provides an opportunity for 
intervention to address poor engagement in HIV care. Rao and colleagues (2013) studied a 
population of hospitalized PLWH. In a mixed methods study, they found that individuals 
who leveraged needed community resources had better engagement in HIV care than those 
who did not. Qualitative interviews were conducted to tease out reasons for poor/non-
engagement among this population to include social stigma, denial, and lack of perceived 
need for care and life issues. This corroborate findings of previous studies (Seekins D, 2010). 
Intervention in the acute care setting at the time of a hospital encounter may mitigate 
downstream readmissions or hospitalization and increase engagement in outpatient care 
(Kerr, Stephens, Gibson, & Duffus, 2012; Metsch et al., 2009; Nijhawan et al., 2012; Rao et 
al., 2013). Nurses, in particular, are poised to intervene with hospitalized PLWH who are 
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“out of care.” Evidence-based nursing models (Naylor, 2012), as well as effective 
interventions to link PLWH to care after diagnosis (Anthony et al., 2007; Thompson et al., 
2012) may be drawn upon to improve re-engagement and improve long-term clinical 
outcomes. Although a recent study looked at the effects of patient navigation on hospitalized 
PLWH with a history of substance abuse and found no beneficial effect on viral suppression 
or death at 12 months (Metsch et al., 2016). 
In order to truly plan effective interventions for this group of patients, it is critical to 
first understand characteristics associated with re-engagement after a gap in care. The 
proposed research will be among the first known studies on the barriers and facilitators of re-
linkage among PLWH after an acute hospitalization and the beginning of an evidence-base to 
inform implementation science in this field. 
Definitions 
The following are key terms that will be used in this document and are critical to 
understanding the content of the research. These terms will be further described in Chapter 2 
when the context of the study is conceptualized and Chapter 3 when the study variables are 
described.  
 Hospitalization: An acute care encounter in the emergency department and/or 
inpatient setting during the study time period. Hospitalization represents the entry 
point of the study.  
 Out of care: When a PLWH experiences a gap in outpatient HIV care of 6 months or 
more; evidenced by no documented visit with HIV provider within 6 month period 
prior to hospital encounter (Health Resources and Services Administration, 2013).  
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 Re-linkage: At least 1 visit with HIV provider within 90 days of hospital encounter 
(Health Resources and Services Administration, 2013).  
 Re-engagement: Broadly describes the concept of entering back into HIV care 
including re-linkage but also including other longitudinal behavioral and clinical 
outcomes.  
Limitations 
 There are several broad limitations to the proposed research. The first is the fact that 
PLWH involved in the study are from one, mostly urban, geographic area and likely do not 
represent all PLWH in the United States. Second, the research is limited to out of care PLWH 
who are accessing the hospital and therefore these individuals may not represent all PLWH 
who are out of care in the geographic area under study. However, acute hospitalization 
provides an opportunity to document an encounter with an out of care individual, collect 
information about them, and study subsequent outcomes. Hospitalization is an opportunity to 
interact with individuals that may otherwise be “off the grid” as it relates to the health care 
system. Third, the study is limited to variables that are available due to the secondary nature 
of this study. This limitation and others are described more fully in Chapter 3 as they directly 
relate to reliability and validity.   
Summary 
 PLWH who are out of care face individual health risks and pose risk to the public’s 
health. It is critical to gain a better understanding of re-linkage to HIV care due to the fact 
that most PLWH will experience one or more gaps in care in their lifetime. The subsequent 
chapters will describe a conceptual model for studying engagement in HIV care and a 
research proposal to study re-linkage to care. This understudied concept represents 
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innovative research in the area of HIV engagement science, and my planned program of 
research, with the intent to equip health care providers, policy makers and researchers to 






This chapter will describe the conceptual model that will guide this dissertation 
research and will guide future research in engagement in HIV care. The overarching 
theoretical model for engagement in HIV care is based on Andersen’s Behavioral Model 
(ABM). The core concepts of this model will be defined, including evidence for the major 
theoretical relationships. Then, a portion of this model will be presented to explain re-linkage 
to HIV care with measures defined based on each core concept and theoretical relationship.  
Engagement as a Concept in Health Care 
“Engagement” as a concept in health care was introduced in 1978 and at that time, 
focused on how an individual takes part in their own health care process (National Center for 
Biotechnology Information, 1978). The definition of this concept has expanded and is 
presented in patient safety and quality literature as: 
a set of behaviors by patients, family members, and health professionals and a 
set of organizational policies and procedures that foster both the inclusion of patients 
and family members as active members of the health care team and collaborative 
partnerships with providers and provider organizations…the desired goals of patient 
and family engagement include improving the quality and safety of health care. 
(Maurer, Dardess, Carman, Frazier, & Smeeding, 2012, p. 10)  
 
Nurses have a long-standing focus on engagement, leading the health care team in 
empowering patients and their families through nursing interventions, such as education and 
public health programs (Pelletier & Stichler, 2013). Given this stance, it is logical for nurses 
to develop new knowledge pertaining to engagement in health care.  
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Engagement in HIV Care 
The definition of engagement in HIV care is, “to participate or become involved in one’s 
HIV care; to establish a meaningful contact or connection with HIV providers/health care 
systems,” (Mignano, 2016).  
The Health Resources & Services Administration HIV/AIDS Bureau (HRSA/HAB) 
describes engagement in HIV care on a continuum to help health service providers and policy 
makers design programs to meet the needs of diverse patients and patient populations 
(Cheever, 2007). Engagement in HIV care has become a highly studied topic, based on 
shortfalls on international and domestic benchmarks that are established for each stage in the 
continuum. Gardner’s seminal article, in 2011, further spurred the HIV scientific and 
epidemiologic community to study the gaps in the HIV continuum of care, demonstrating 
that curbing the HIV epidemic was only possible by closing the gaps in the HIV continuum 
of care (E. M. Gardner et al., 2011). Substantial improvement in engagement in HIV care 
would be required to affect the rate of new HIV infections in the United States, calling 
attention to each stage of the HIV continuum of care: diagnosis, linkage to care, retention, 
viral suppression and re-linkage to care (Cheever, 2007; Ulett et al., 2009).  
The concept of “engagement in HIV care” may be measured by a clinical or behavioral 
benchmark associated with each of the key steps of the HIV continuum of care. Throughout 
this paper, the term engagement in HIV care is associated broadly within this continuum. 
When referring to key stages of engagement, the more specific benchmark term will be used: 
linkage to care, retention, viral suppression and re-linkage to care. The term re-engagement is 
also employed to refer more generally to the concept of returning to HIV care after a gap and 
the associated outcomes that result from returning to care.  
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Despite widespread attention to the HIV continuum of care, there is little attention 
focused on the 50% of PLWH that are not retained in outpatient care and responsible for 
more than 60% of new HIV infections (Blair et al., 2014; Skarbinski et al., 2015). Although 
there is evidence to describe the population of PLWH who are not in care, little is known 
about the predictors of re-linkage after a gap in care.  
Theoretical Foundation: Andersen’s Behavioral Model  
Andersen’s Behavioral Model (ABM) is a health services research model that 
describes access and use of health care in vulnerable populations (Aday & Andersen, 1974; 
Andersen, 1995; Gelberg et al., 2000; Gelberg et al., 1997). Researchers have applied ABM 
in various populations and disease states, including HIV (Andersen, 1995; Anthony et al., 
2007; Christopoulos et al., 2011; Gelberg et al., 2000). Davidson’s 2004 extension of ABM 
delineated a comprehensive range of community characteristics and empirical sources to 
construct community-level variables. The result was a revised conceptual framework to 
comprehensively and systematically explain how individual and contextual variables 
influence access to and use of health care (see Figure 1) (Davidson, Andersen, Wyn, & 
Brown, 2004). The original model included individual characteristics only.  
Core Concepts and Definitions 
The core concepts of the model include: individual characteristics, community 
characteristics, and health care access and outcomes. 
Individual Characteristics 
Individual characteristics are categorized as: (a) predisposing characteristics; (b) 
enabling resources; and (c) need factors (Aday & Andersen, 1974; Andersen, 1995). These 
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are the well-established predictors of access that have a substantial body of empirical 
evidence generalizable across locations and populations (Davidson et al., 2004).  
 
Figure 1. Revised version of Andersen’s Behavioral Model, which includes evaluation of 
community-level factors on health care access and related-outcomes. Adapted from “A 
framework for evaluating safety-net and other community-level factors on access for low-
income populations,” by Davidson, P. L., Andersen, R. M., Wyn, R., & Brown, E. R., 2004, 
Inquiry, 41(1), p. 23. 
Predisposing characteristics. Predisposing characteristics include demographic 
factors, social structure, and health beliefs. Demographic factors are biologic imperatives 
suggesting the likelihood that people will need health services (Hulka & Wheat, 1985). 
Social structure are factors that determine the status of a person in the community, his or her 
ability to cope with presenting problems and commanding resources to deal with these 
problems. Education, occupation and ethnicity measure the individual’s social structure 
(Andersen, 1995). Health beliefs are attitudes, values and knowledge that people have about 
health and health services that might influence their subsequent perceptions of need and use 
of health services (Andersen, 1995).  
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Enabling resources. Enabling resources determine use of the health care system. 
Enabling resources include the presence of health personnel and facilities where people live 
and work as well as the means to use those services. Income, health insurance, a regular 
source of care, travel and waiting time are measures associated with enabling resources 
(Andersen, 1995). According to Andersen (1995), organizational factors may be incorporated 
in this portion of the model, as well to account for the kinds of health services and types of 
providers in a given community. Others have modified the model to create a new category to 
depict the health care environment and other structural factors that enable access to health 
care (Christopoulos et al., 2011; Ulett et al., 2009).  
Need factors. Need factors are explained by perceived and evaluated need. Perceived 
need are described by social structure and health beliefs, which may be influenced by 
biologic factors (Hulka & Wheat, 1985). Measures of perceived need may include perceived 
health status, symptoms of illness and disability (disability days, chronic activity limitation) 
(Aday & Andersen, 1974). Evaluated need represents professional judgment about an 
individual’s health status and their need for medical care, which is biologically as well as 
socially influenced depending on the training, competence, and culture of the provider(s) 
involved in one’s care (Andersen, 1995). Measures include diagnosis and provider-rated 
urgency of medical condition (Aday & Andersen, 1974). 
Community Characteristics  
Community characteristics can serve as a resource or result in a barrier to an 
individual’s access to medical care (Davidson et al., 2004). Community characteristics 
include: (a) traits of low-income and safety-net populations; (b) the structure of the health 
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care market and safety-net services in a geographic area; and (c) public policy support for 
low-income populations, both insured and uninsured.  
The safety-net population. The safety-net population includes the uninsured, 
Medicaid beneficiaries and vulnerable populations (Institute of Medicine, 2000). The safety-
net population is evaluated based on geographic area such as state, metropolitan service area 
(MSA), county, or zip code. The magnitude of safety-net population may be measured 
through constructed community-level variables (Davidson et al., 2004). The percentage of 
individuals covered by federal or state health insurance varies by state and availability of 
federal and state funds to pay for medical care and is one way in which the safety-net 
population can be quantified. Vulnerable subgroups are the economically disadvantaged and 
whose social or health characteristics increase their risks and need for assistance (Davidson 
et al., 2004). Davidson (2004) identifies vulnerable subgroups to include: adults and children 
with disabilities; the frail elderly and disabled Medicare beneficiaries; low-income children; 
pregnant women; adolescents; mentally ill; substance abusers; persons living with HIV and 
AIDS; and the homeless.  
Low-income population support. Public policy support for safety-net and low-
income populations is support for the medically indigent (Davidson et al., 2004). This 
variable is influenced by federal legislation and state and local health policy and financing 
(P. J. Cunningham & Kemper, 1998). Safety-net support also includes federal or state 
subsidies and grants. State-level, local or foundation/charitable grants are not tracked 
uniformly and have been studied mainly through qualitative studies due to the expense and 
time to monitor empirically (Davidson et al., 2004).  
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Health care market. The health care market includes the delivery system in a given 
area including provider supply, number of hospital beds per capita, managed care 
competition and penetration. Safety-net providers are those who organize to deliver a 
significant level of health care and other related services to uninsured, Medicaid and other 
vulnerable patients (Davidson et al., 2004). Safety-net services are provided at a mix of 
public hospitals, urban teaching hospitals, not-for-profit hospitals, physician offices, 
federally qualified health centers (FQHCs) and local health departments (Davidson et al., 
2004). Variables include number of FQHCs per capita for low-income population, 
percentage of outpatient department visits in public and teaching hospitals and services 
utilized in local health departments, number of providers who accept new Medicaid patients 
(Davidson et al., 2004). In my depiction of the model, these factors are represented at the 
community level by the health resource environment. In HIV engagement science, the health 
resource environment is a construct of interest, specifically pertaining to clinic and health-
department policies as facilitators and barriers to retention and/or re-engagement in care (see 
Figure 2) (Berger et al., 2015; Mugavero, Norton, & Saag, 2011; Raper, 2014; Ulett et al., 
2009). 
Health Care Access and Outcomes 
Health care access and outcomes represent measured potential and actual entry into 
the medical care system as well as the results of access in terms of effective and efficient 
medical care delivery (Aday & Andersen, 1974). Access is the timely use of personal health 
services to achieve the best possible health outcomes (Institute of Medicine, 2000). Various 
health care outcomes may be employed depending on the topic under study. HIV-related 
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outcomes may include CD4 count, viral load suppression, opportunistic infections and death 
(see Figure 2) (Ulett et al., 2009). 
Application to Engagement in HIV Care 
Davidson version of ABM (Figure 1) was adapted to depict hypothesized theoretical 
relationships for the construct of engagement in HIV care based on the findings of a concept 
analysis (Mignano, 2016). ABM has been adapted by several researchers studying 
engagement in HIV care (Christopoulos et al., 2011; Holtzman et al., 2015; Ulett et al., 
2009). My depiction includes “Community Characteristics” based on Davidson’s theoretical 
application (2004). This construct is delineated in my version of the model as the social and 
economic environment, representing the safety-net population and low income population 
support (see Figure 2).  
 
 




Applying ABM to Re-linkage to HIV Care 
I will now present a portion of the conceptual model for engagement HIV care that is 
driving the dissertation study (see Figure 3). The portion of the model (Figure 2) chosen 
represents a realistic portion of the full model selected for dissertation study, based on the 
available dataset for analysis. The conceptual model will be considered in the context of 
PLWH who have a gap in outpatient HIV care. It describes the potential theoretical 
relationships between the social and economic environment, individual characteristics and re-
linkage to outpatient HIV care.  
 
Figure 3. Conceptual model of engagement in HIV care operationalized for PLWH with a 
gap in HIV care. 
This model includes the following core constructs, organized by section heading, 
each representing one concept model that will be described:  
 Social and economic environment: a construct of community characteristics, 
made up of socioeconomic disadvantage and HIV prevalence. 
 Individual characteristics: made up of pre-disposing characteristics, enabling 
resources, and need factors. 
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 Re-linkage to HIV care: health care access outcome; measured by an 
encounter with an HIV provider after a gap in HIV care of a specified time 
period. 
The description of each core construct will be followed by a description of the theoretical 
relationship between each core construct of the model, as follows:  
 The relationship between social and economic environment and re-linkage to 
HIV care. 
 The relationship between individual characteristics and re-linkage to care.  
 The relationship between the social and economic environment and individual 
characteristics.  
Social and Economic Environment 
 In the first concept model, the social and economic environment is made up of 
socioeconomic disadvantage and HIV prevalence (see Figure 4).  
 
Figure 4. Visual depiction of the social and economic environment and its associated latent 




Socioeconomic disadvantage is based on a multidimensional cluster of traits 
measured at the community level (Elliott et al., 1996). Derived from criminal justice and 
health services research literature, this construct has been applied to examine community-
level effects on individual social and health outcomes (J.  Bauermeister, Zimmerman, & 
Caldwell, 2011; Brown et al., 2004; Brown, Wyn, & Teleki, 2000; Davidson et al., 2004; 
Johns, Bauermeister, & Zimmerman, 2010). These traits have independently explained 
neighborhood level outcomes in numerous studies, however the variables that represent these 
traits frequently load on a single factor (Elliott et al., 1996). Theoretically, the concentration 
of poverty, joblessness, single parents, and highly mobile family units in socially 
disadvantaged neighborhoods may give rise to strong peer control systems (i.e. gangs), 
contribute to poor opportunities for youths and adults and result in poor access to medical 
care (Brown et al., 2000; Elliott et al., 1996).  
EIlliot and colleagues (1996) presented and tested a conceptual framework for 
studying community effects on individual development, specifically in the adolescent 
population. In their model, organizational and cultural features of the neighborhood mediates 
disadvantage. Community effects make a small contribution to overall explained variance in 
the multi-level model, however much of that variance is explained by these particular factors.  
The aforementioned community-level factors provide a comprehensive perspective on 
variation in neighborhood social ecology (Elliott et al., 1996; Land, McCall, & Cohen, 1990). 
As a result of these findings, a composite score for socioeconomic disadvantage is 
recommended to represent the cluster of traits and has been applied widely over the past 
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twenty years in social science research (J.  Bauermeister et al., 2011; Kahana et al., 2016; 
Lian, Struthers, & Liu, 2016; Sampson, Raudenbush, & Earls, 1997).  
Socioeconomic disadvantage may be measured using publically available data, such 
as the American Community Survey (ACS), which is conducted by the United States Census 
Bureau. The ACS is a nationwide survey that generates demographic, housing, social and 
economic data (United States Census Bureau, 2015). ACS data are available down to the 
level of Zip Code Tabulation Area (ZCTA). ZCTAs are statistical geographic areas produced 
by the Census Bureau by aggregating census blocks to create generalized areas closely 
resembling the U.S. Postal Service's postal Zip Codes (United States Census Bureau, 2015). 
Ideally, the level of observation for community level data may be constructed at the most 
local level and should be guided by the research question(s) (Davidson et al., 2004). It is 
important to consider the most “true” community boundaries in order to gain the most 
accurate depiction of community-level predictors.  
HIV Prevalence  
PLWH are a vulnerable population whose social or health characteristics increase 
their risks and need for assistance (Davidson et al., 2004). HIV prevalence is the proportion 
of a given geographic population that is living with HIV (Maryland Department of Health & 
Mental Hygiene, 2015a). HIV prevalence data is publically available at various geographic 
levels, including state, county and zip code. In the state of Maryland, where the data from 
this dissertation is from, information on HIV and AIDS diagnoses, are available from the 
Maryland Department of Health and Mental Hygiene’s Enhanced HIV/AIDS Reporting 




 The second concept, individual characteristics, are made up of predisposing 
characteristics, need factors and enabling resources and are prevalent in public health and 
health services research literature (see Figure 5). Andersen theorized and tested the influence 
of these individual characteristics on access and use of health care (Aday & Andersen, 1974). 
In a version of Andersen’s model, predisposing variables are broken down into “traditional 
predisposing” and “vulnerable predisposing” (Andersen, 1995). In this model, traditional and 
vulnerable predisposing factors are combined in one predisposing characteristics category.  
 
Figure 5. Visual depiction of individual characteristics and its associated latent and measured 
constructs. 
Individual factors include predisposing factors, enabling factors and need factors 
(presence of illness). The theoretical rationale for each of these constructs was described as 
part of the overarching theoretical model. The measures chosen for each construct are based 
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on the theoretical rationale provided by the theorist and precedence in the literature. Each 
measure is listed in Table 1, with a brief rationale for their selection within a specific 
category and the associated evidence from HIV care engagement literature. Notable is that 
only two studies addressed re-engagement care, further supporting that there is a gap in the 
research in this area (Byrd, Furtado, Bush, & Gardner, 2015, 2016). Only one of those 
studies looked at the characteristics of PLWH who re-linked to HIV after a gap in care (Byrd 
et al., 2016).    






Measure Source Rationale Evidence 
Predisposing Age (Andersen, 1995; 
Anthony et al., 
2007; Hulka & 
Wheat, 1985) 
Demographic Younger age is associated 
with sub-optimal 
engagement in HIV care at 
each stage of the HIV care 
continuum (Colasanti, 
Stahl, Farber, Del Rio, & 
Armstrong, 2017; 
Giordano, Visnegarwala, et 
al., 2005; Hall et al., 2013; 
Kerr et al., 2012; Rao et al., 
2013) 
Race (Andersen, 1995; 
Anthony et al., 
2007; Hulka & 
Wheat, 1985) 
Demographic African American race is 
associated with sub-
optimal engagement in 
outpatient HIV care among 
hospitalized PLWH (Kerr 
et al., 2012) 
Gender  (Andersen, 1995; 
Anthony et al., 
2007; Hulka & 
Wheat, 1985) 
Demographic Retention in HIV care is 
not associated with gender 
(Howe, Cole, Napravnik, & 
Eron, 2010; Kerr et al., 
2012); however gender 
may be associated with 
overall increased utilization 
(inpatient and outpatient) 
(Fleishman et al., 2005) 
and less likelihood to 
experience a gap in care 
(Byrd et al., 2015) 
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Measure Source Rationale Evidence 




and behavioral  
 
Substance abuse is 
associated with sub-
optimal engagement in 
HIV care including poor 
adherence to ART and poor 
viral suppression (Metsch 
et al., 2016; Nicholas et al., 
2014); crack cocaine use 
associated with poor 
retention (Colasanti et al., 
2017) 
Mental illness (Andersen, 1995; 




and behavioral  
Mental illness is a barrier 
to retention in HIV care 
and adherence to ART 
based on qualitative 
analysis (Holtzman et al., 
2015); PLWH with mental 
illness are less likely to 
experience a gap in care 
among Medicaid 









and behavioral  
PLWH with reported 
IVDU are less likely to be 
retained in HIV care 
(Giordano, Visnegarwala, 
et al., 2005); PLWH with 
reported heterosexual 
transmission are less likely 
to be optimally engaged in 
care than MSM (Fleishman 
et al., 2005) 
Need CD4 count (Aday & 
Andersen, 1974; 






PLWH with CD4>200 are 
less likely to be retained in 
care (Giordano, 
Visnegarwala, et al., 2005) 





PLWH on ART attend 
more outpatient HIV care 
visits (Fleishman et al., 




Table 1 (continued).  
 
Re-Linkage 
The third concept model depicts the primary outcome of interest, which is also a 
measured variable (see Figure 6). Drawing upon ABM, re-linkage is a measure of realized 
access to health care (Andersen, 1995). 
Individual 
Characteristic 
Measure Source Rationale Evidence 
Enabling 
 
Insurance (Andersen, 1995) Means to access 
health care 
PLWH with public medical 
insurance are more likely 
than those without 
any medical insurance to 
be linked to HIV care after 
diagnosis and retained in 
HIV care (Anthony et al., 
2007; Kerr et al., 2012); 
PLWH with private 
insurance are more likely 
to re-engage after a gap in 
care than PLWH with 
Medicaid (Byrd et al., 
2015, 2016) 
Income (Andersen, 1995) Means to access 
health care 
Competing subsistence 
needs are associated with 
poor utilization of HIV 
care (W. Cunningham et 
al., 1999) 
Housing (Andersen, 1995) Means to access 
health care 
Unstable/ lack of housing 
is associated with poor 
utilization of HIV care (W. 
Cunningham et al., 1999) 
Transportation (Andersen, 1995) Means to access 
health care 
Competing subsistence 
needs are associated with 
poor utilization of HIV 





Figure 6. Outcome measure, re-linkage to outpatient HIV care. 
Re-linkage is measured by an appointment with an HIV provider after a gap in HIV 
care of a specified time period. There is no standard definition around length of time to 
determine successful re-linkage, although 90 days is the time frame associated with initial 
linkage to care after diagnosis (Health Resources and Services Administration, 2013).   
Measures associated with a “gap in care” vary and may draw upon gaps in clinic 
visits and/or gaps in necessary laboratory tests from surveillance data (Mugavero, Amico, 
Horn, & Thompson, 2013). There are many ways to measure gaps in care from each of these 
perspectives, each with their own set of advantages, disadvantages and evidence-base 
(Mugavero, Westfall, Cole, Geng, Crane, Kitahata, Mathews, Napravnik, Eron, Moore, 
Keruly, Mayer, Giordano, & Raper, 2014).  
Rationale for Major Theoretical Relationships 
 Evidence related to each proposed theoretical relationship will be discussed in the 
following sections.  
Social and Economic Environment and Re-Linkage to HIV Care 
Based on the evidence base and on theoretical construction of engagement in HIV 
care, the social and economic environment will be associated with re-linkage to HIV care. 
Prior studies have linked community-level variables to individual-level social and health 
outcomes. Socioeconomic disadvantage has been linked to: AIDS incidence (Zierler et al., 
2000), survival among persons with AIDS (Trepka et al., 2013), transactional sex among 
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adolescents (J. Bauermeister, Eaton, & Stephenson, 2016), HIV testing and prevention 
behaviors (J.  Bauermeister et al., 2015; Johns et al., 2010), antiretroviral therapy use among 
youth (Kahana et al., 2016) and depression, substance use and sexual risk among black 
heterosexual men (Bowleg et al., 2014). Structural factors including poverty, limited access 
to health resources, stigma, limited access to transportation and access to illicit substances 
influence engagement in HIV care among low-income women in the deep South, based on 
one qualitative study and warrant further investigation (Walcott, Kempf, Merlin, & Turan, 
2016).  
Geographic HIV prevalence has also been associated with explained variance in 
multi-level models that predict health behaviors and outcomes. In some cases, community-
level HIV prevalence is associated with “protective” behaviors, including increased rates of 
HIV testing and HIV-related services, condom use, and ART use among PLWH (J.  
Bauermeister et al., 2015; Kahana et al., 2016). In order studies, higher geographic HIV 
prevalence is associated with AIDS and missed HIV care visits (Kahana et al., 2016; Trepka 
et al., 2013). HIV prevalence has been applied as a contextual variable at various geographic 
levels including Metropolitan Statistical Area (MSA), county, zip code and census tract/ 
block group (Cooper et al.; Kahana et al., 2016). 
Individual Characteristics and Re-Linkage to HIV Care 
 Health equity is achieved when most of the variance in utilization of health services is 
attributable to demographic (e.g., age, gender) and evaluated need variables (Andersen, 
1995). Inequitable access may occur when the constructed social structure, individual health 
beliefs and enabling factors, like income, determine who accesses medical care and/or 
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resources. The rationale for inclusion of specific individual variables is depicted in Table 1, 
demonstrating evidence between individual characteristics and engagement in HIV care.  
Two recent studies examined gaps in care among PLWH. One looked at time to re-
engagement after a gap in care among privately insured PLWH (Byrd et al., 2016) and the 
other gaps in care among Medicaid recipients (Byrd et al., 2015), both using claims data. 
Both studies found that actual “evaluated” need for health care (measured through Charlson 
factors) were associated with likelihood of retention in care and likelihood to re-engage in 
care after a gap, therefore not a health equity issue. These findings are limited due to the fact 
that neither study included race/ethnicity data and only one study looked specifically at 
characteristics of the persons that re-engaged in care.  
Social and Economic Environment and Individual Characteristics  
 There is a theoretical relationship between community level variables and individual 
characteristics. Contextual factors may influence level of education, health literacy, 
individual health beliefs, lifestyle, cultural practices, perceived need and access to health 
services (Andersen, 1995; Davidson et al., 2004; Phelan, Link, & Tehranifar, 2010). 
Evidence for these relationships is found in the body of literature related to Fundamental 
Cause Theory (Link & Phelan, 1995). Consistently, disadvantaged social groups have 
significantly poorer health outcomes. Fundamental Cause Theory is put to the test through 
studies that examine changes in health outcomes, like mortality, following the emergence of 
new health knowledge and medical treatments. These findings have been replicated across 
disease states including lung cancer, breast cancer and HIV. (Chang & Lauderdale, 2009; 
Phelan et al., 2010; Rubin, Colen, & Link, 2010; Tehranifar et al., 2009) 
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Eligibility for access to various safety-net services, (e.g., enabling factors) including 
health insurance, varies based on policy decisions at the state level and therefore may 
indirectly influence health care outcomes through the individual’s ability to access a 
particular enabling resource (Davidson et al., 2004).  
Discussion 
 ABM provides a blueprint for the construction of a conceptual model for engagement 
in HIV care. Davidson’s version of ABM is an appropriate theoretical model for testing 
propositional relationships that include community-level variables and their association with 
health care outcomes. The model has important implications in the current health care 
environment, where payment models for the most vulnerable populations are changing the 
context for access to health care resources, notably among PLWH (Kates et al., 2014).  
The research and practice communities recognize the need for effective re-
engagement interventions based on low rates of retention and the individual and public health 
implications of poor retention (Christopoulos et al., 2011; del Rio & Mayer, 2013; 
Humphrey, Hadi, & Richey, 2012; Mugavero et al., 2011; Rao et al., 2013). The public 
health system and health care team is equipped to employ strategies to promote re-linkage at 
various entry points in the health care system and the community (Grimes, Hallmark, 
Watkins, Agarwal, & McNeese, 2016; Kerr et al., 2012; Magnus et al., 2012; Rao et al., 
2013; Raper, 2014). Short-term case management, medical case management, patient 
navigation, clinic-wide messaging and public health information exchange are among 
interventions that have been identified as promising strategies for re-linkage to care (Magnus 
et al., 2012; Maulsby, Charles, et al., 2015). Linkage to care programs have been evaluated in 
the context of cost, effectiveness and behavioral and clinical outcomes (Anthony et al., 2007; 
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Jain et al., 2016). However, no interventions have been specifically tested among out of care 
PLWH in the context of re-engagement (Higa, Crepaz, & Mullins, 2016; Thompson et al., 
2012).  
Summary 
The conceptual model described in this chapter provides a practical framework to 
study PLWH who are not engaged in HIV care. From the conceptualization of this model and 
a review of existing evidence, the following research priorities emerge, reflecting a program 
of research to include: (a) characteristics associated with individuals who re-engage in HIV 
care after a gap of six months or more (Thompson et al., 2012); (b) clinical implications of 
re-linkage to care; (c) evidence-based strategies for re-linkage among PLWH and various 
sub-populations from various entry points in the health care system (Kerr et al., 2012; Rao et 
al., 2013; Raper, 2014). This initial study makes an important first step in a program of 







A two-level hierarchical model approach was used to test the constructs of 
Andersen’s Behavior Model (ABM) and their association with re-linkage to outpatient HIV 
care after a gap in care of six months or more among out of care, hospitalized PLWH. In 
hierarchical models, data are observed at different levels of analysis and may be studied 
without violating assumptions of independence. Hierarchical models take into account 
dependencies that may exist among individuals that are nested within a group. Proposed 
variables for each construct were based on conceptual and operational definitions of the 
model’s constructs, described in depth in Chapter 2 (Andersen, 1995; Anthony et al., 2007; 
Davidson et al., 2004; Holtzman et al., 2015; Ulett et al., 2009).  
First-level units were adults who were hospitalized at the University of Maryland 
Medical Center University Campus and Midtown Campus from 2013-2016 and determined 
to be out of care at time of their encounter. “Out of care” was defined as a PLWH who 
experiences a gap in outpatient HIV care of 6 months or more; evidenced by no documented 
visit with HIV provider within 6 month period prior to hospital encounter (Health Resources 
and Services Administration, 2013). Second-level units were analyzed at the zip code level, 
where the participant resided at the time of their hospital encounter. The statistical analysis 
was conducted using SPSS software, Version 24 for Windows and SAS software, Version 
9.4 of the SAS System for Windows, Copyright © 2010-2012 SAS Institute Inc.  
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The JACQUES Initiative Database 
A database was created in 2013 by the JACQUES Initiative, a program of the 
Institute of Human Virology at the University of Maryland School of Medicine, to track 
PLWH accessing emergency and inpatient care at the University of Maryland Medical Center 
(UMMC). The database, herein named the “JACQUES Initiative (JI) Database,” monitored 
demographic and performance measures to include age, gender, type of insurance, and HIV 
transmission risk factor for federal grant reporting for the Ryan White funded outreach 
program. The outcome of interest were appointments with an HIV provider. In 2015, the 
database was expanded to include the University of Maryland Midtown Campus (MTC). 
Each individual was assessed upon hospitalization to determine if they were receiving 
outpatient HIV care, indicated by an appointment with their HIV provider (physician, 
physician assistant or nurse practitioner) within the prior six months. In addition to their HIV 
care status, other demographic and psychosocial information were collected from each 
patient and entered into the JI Database. Each patient was followed for up to 90 days to 
determine if they completed an appointment with their HIV provider during that time period.  
UMMC has over 770 beds and 33,000 admissions per year. MTC has 200 beds and 
6,000 admissions per year. Both campuses are part of the University of Maryland Medical 
System. Located less than one mile apart, the institutions serve the local West Baltimore 
community, where many of the neighborhoods are impoverished and have high HIV 
prevalence along with other health and socioeconomic disparities. The institutions also draw 




Inclusion and Exclusion Criteria  
 Patients who qualified for the dissertation study were abstracted from the JI Database. 
Inclusion criteria were adult PLWH admitted to the UMMC (2013-2016) and MTC (2015-
2016) and confirmed to be out of care at the time of their hospitalization.   
Individuals were excluded from the dissertation study if they are under age 18, came 
from a zip code that did not have adequate number of participants to make a “unit” of 
analysis or if the zip code had incomplete community-level data (see Data Sources). The 
number of patients needed to make up a “unit” was based on precedent from multi-level 
research (n=5) (Verran, Gerber, & Milton, 1995). Patients seen more than once in the study 
time period were counted for their initial encounter only and not their subsequent encounters 
to prevent bias.  
Data Collection & Data Sources 
After approval by the Institutional Review Board at University of Colorado and the 
University of Maryland Baltimore, patients that met inclusion criteria were abstracted from 
the JI Database and formed the study dataset.  
Data were grouped by zip code, based on reported address at hospitalization. 
Homeless patients were classified based on the address associated with their hospital visit, 
which may be a shelter or transitional house, a family member’s house or other temporary 
living arrangement.   
Community level data was abstracted from two sources of publically acquired 
databases and merged with the study dataset: the Maryland Department of Health and Human 




 The measures for this study and their source are listed in Table 2. Each measure is 
also included in the Appendix, where it is fully defined and described based on the type of 
variable and its data source.  
Table 2. Variables applied to hospitalized PLWH with a gap in HIV care of 6 months or 
more and associated data source1, based on Andersen’s Behavioral Model 
Community 
Characteristics 
Individual Characteristics  Health care and Access 
Outcomes  
Social and Economic 
Environment  
Pre-disposing Need Enabling Re-linkage to care 
Socioeconomic 
Disadvantage (calculated) 




Appointment within 90 
days of hospital encounter 
(JI/EMR) 
















 Substance Use 
(JI/EMR) 
   
 HIV Risk Factor 
(JI/EMR) 
   
 HIV Status (JI/EMR)     
1 Data sources include: 1) Electronic Medical Record (EMR) of the University of Maryland Medical Center; 2) 
JI Database (JI): created in 2013 by the JACQUES Initiative of the Institute of Human Virology at the 
University of Maryland School of Medicine in order to track variables for federal grant reporting and program 
outcomes; 3) Calculated: a composite score for socioeconomic disadvantage was calculated based (described in 
this section); 4) Maryland HIV Epidemiologic Profile (EP): Report of cases of HIV reported based on the zip 
code of the individual case at diagnosis.  
 
Individual Data Setup  
A retrospective review of the study dataset was performed. Additional fields were 
added to the study dataset to depict all of the measures for analysis. A review of the 
electronic medical record (EMR) was conducted to fill in individual level data that was 
missing from the JI Database. The dataset was manipulated to identify duplicate patients. An 
index hospitalization was identified for each patient during the study period and subsequent 
hospitalizations were removed.  The original data set had 522 patients. Forty-six (46) cases 
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were removed for duplicated records (34 patients appeared more than once, 6 patients 
appeared 3 times). An additional 68 patients were removed due to incomplete records which 
included: Emergency Department (ED) encounter only, unable to contact during their 
encounter and gather sufficient data, declined services or deceased during index 
hospitalization. This resulted in a sample size of 408.  
The 408 individual lines of data were nested in 57 zip codes. One individual was 
removed due to being associated with a zip code out of the state of Maryland. Individuals 
nested in zip codes with missing community level data were eliminated, resulting in a total of 
399 individuals and 50 zip codes. Then individuals nested in zip codes with groups of 1-4 
were eliminated, leaving a total of 12 zip codes and 328 individuals for the final sample 
(SPSS file, merged 5/8/2018). 
Community-level Data Setup 
Community-level data were obtained from the Maryland HIV Epidemiologic Profile 
and ACS data in July 2016. The variables for the community characteristics are identified in 
Table 3. A detailed description of the measures and their definitions are included in the 
Appendix. The theoretical basis for the selected socioeconomic variables was based on the 
theory and prior research based on theory (see Chapter 2) (J.  Bauermeister et al., 2011; 
Kahana et al., 2016; Lian et al., 2016; Sampson et al., 1997). 
Table 3. Community-level variables 
Community environment 
category  
Variable(s)  Data Source  
HIV prevalence Proportion of the population age 13 
and older living with HIV 









Less than high school education 
American Community Survey 5-




Information on HIV and AIDS diagnoses, including residence at diagnosis, were 
obtained from the Maryland Department of Health and Mental Hygiene’s Enhanced 
HIV/AIDS Reporting System (eHARS) based on information reported to the State through 
December 31, 2014 (Maryland Department of Health & Mental Hygiene, 2015a). Population 
data used in the report are from the July 1, 2013 U.S. Census Estimates (Maryland 
Department of Health & Mental Hygiene, 2015a). The Maryland HIV Epidemiologic Profile 
is publically available on the internet and has no associated data use agreements. A special 
data request was made to the Maryland Department of Health and Mental Hygiene for key 
epidemiologic indicators from county-level epidemiologic profiles at the zip code level and 
was received on July 16, 2016. Total population estimates were made based on the ACS, 
which may reflect inaccuracies in estimates. Cases in the Maryland Epidemiologic Profile are 
reported based on the zip code of the individual case at diagnosis and does not account for 
relocation out of the zip code, city or state. (Maryland Department of Health & Mental 
Hygiene, 2015a). 
The American Community Survey (ACS) is conducted by the United States Census 
Bureau. It is a nationwide survey that generates demographic, housing, social and economic 
data (United States Census Bureau, 2015). The data that were used in the study dataset were 
from the ACS 5-year estimates, 2010-2014. ACS data are available at the level of Zip Code 
Tabulation Area (ZCTA). ZCTAs are statistical geographic areas produced by the Census 
Bureau by aggregating census blocks to create generalized areas closely resembling the U.S. 
Postal Service's postal ZIP Codes (United States Census Bureau, 2015). The data were 
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downloaded into Microsoft Excel from the U.S. Census Bureau website in July 2016 (United 
States Census Bureau, n.d.).  
The steps taken to assemble community level data took place in August 2016 as part 
of an independent study and were used in this dissertation.  
Community-Level Data Cleaning and Set-Up Procedures 
The steps taken to set-up the community level data, which took place in summer 
2016, are detailed below:  
Maryland HIV Epidemiologic Data 
Steps taken with the Maryland HIV Epidemiologic data were as follows: 
1. Obtained zip code level Maryland HIV Epidemiologic Data upon special request on 
July 16, 2016 from the following source/report: Adult/Adolescent Total living 
HIV/AIDS Cases by Jurisdiction and zip code, alive as of 12/31/13 (Reported by 
Name through 12/31/2014), Center for HIV Surveillance, Epidemiology & 
Evaluation.  
2. Formatted zip code level file so that it could be opened into SPSS:  
a. Re-formatted percentages into numbers (i.e. 1% to 0.01). 
b. Merged all counties into one worksheet. 
3. Imported Excel data to SPSS.   
4. Renamed variables in SPSS and formatted variable names, variable labels, column 
widths, number of decimals, types of variables.  
5. Calculated frequencies to determine zip codes that appeared more than once. 
American Community Survey 
Steps taken with the American Community Survey data were as follows: 
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1. Downloaded selected community level variables from United States Census Bureau 
American Factfinder website into Microsoft Excel. Data from the American 
Community Survey (ACS) (United States Census Bureau, n.d.).  
2. Formatted ACS data in Microsoft Excel and then imported data to SPSS.  
3. Renamed variables in SPSS and formatted variable names, variable labels, column 
widths, number of decimals, types of variables.  
4. Calculated descriptive statistics of community variables for socioeconomic 
disadvantage.  
5. Formed composite score using Principal Axis Factor (PAF) analysis with Varimax 
rotation and calculated a factor score.  
A standardized economic disadvantage score, based on the variables in table 3 from 
the ACS, was created using Principal Axis factor analysis with Varimax rotation based on 
methodology from prior studies. PAF was selected based on the assumptions of the statistical 
test, including the expectation of high correlation between variables.  
Merging Community-level Data  
Once the community-level data was setup, HIV zip code data for HIV prevalence was 
merged with the ACS data. An assumption was made that zip codes and ZCTA are 
equivalent based on the information provided by the U.S. Census Bureau (U.S. Census 
Bureau, n.d.). These data were merged with the final individual-level study data.   
Assumptions 
Due to the binary outcome for this study, a hierarchical generalized linear model 
(HGLM) was chosen. The model-building process in HGLM was conducted based on the 
following information and assumptions, described by Ene, Leighton, Blue & Bell (2014). 
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HGLM is a hierarchical model. Therefore, the assumption was made that lower-level units 
were nested within identifiable higher-level units. In this study, lower-level units (individual 
level) were assumed to be nested in zip codes (level 2) (Ene et al., 2014; Hofman, Griffin, & 
Gavin, 2000).  
1. Data were categorical, non-normally distributed response variables. In the case of 
dichotomous outcomes, the logit link is a common estimate the odds of an outcome at 
each level.  
2. Starting with an unconditional model to calculate the ICC is common in model-
building with hierarchical models. The unconditional model estimates the variance in 
the outcome between level-2 units and looking for a more complex model with 
improvement of model fit.  
3. The goal is to estimate the most parsimonious models that best fit the data.  
4. Model fit is assessed by examining differences in -2 log likelihood (-2LL) in HGLMs 
when the Laplace estimation is used. Laplace is a common estimation in HGLMs 
(non-normal distribution) and is available through the SAS program.  
Sample Size 
The sample size for the study was calculated using the approach described by Hox 
and Roberts for multi-level models (2011).  Larger samples are required for multi-level 
models (Kreft, 1996). Some simulations demonstrate that number of groups may range from 
30-100 with sample sizes of 5-50 per group and be acceptable (Maas & Hox, 2005). The 
larger the number of groups, the group sample size requirements diminish and vice versa. 
The literature indicates that more research is needed regarding power in multi-level models 
and sample size.  
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First, the intraclass correlation coefficient (ICC) is needed as a measure of reliability that 
assesses consistency among members of a group (Bliese, 2000). The ICC (p) was calculated 
based on the covariance matrix of the empty model. Zip code cluster sizes ranged from 5 to 
68 individuals. Based on the co-variance matrix, there was no variability in the intercept 
when the data was grouped by zip code (p=0). The value of the ICC indicates independence 
and therefore group membership likely did not affect observations at the individual level in 
this study. This means that group-level and individual-level relationships will be identical. 
The SAS code that generated the information needed for the ICC calculation is depicted 
below, followed by the ICC calculation.  
Equation 1. SAS Code for ICC 
proc glimmix data=commind4; 
class zip; 
model HRSA_Cat = / solution; 
random intercept / type=UN subject=zip; 
run.  
Equation 2. ICC Calculation 
ICC = correlation of patients in the same zip code  
ICC = Intercept / (Intercept + Residual) 
ICC = 0/(0+.2479) 
ICC = 0  
 
The ICC of 0 was inputted into the sample size formula. The value for cluster size 
was represented by the average number of people in a cluster, which was 28. The “effective 
n” for this analysis was determined using Hox and Roberts’ approach for multi-level models 
using the equation below (2011). The effective sample size is the same as the actual sample 






Equation 3. Sample Size for Multilevel Model (effective n) 
neffective = nactual/1+[(nper cluster – 1)p] 
neffective = 328/1+[(28-1)]0] 
neffective = 328 
 
Once the neffective was obtained, it was applied as the “n” for a standard power analysis 
using WebPower, Statistical Software for Power Analysis Online (Zhiyong, Yuan, & Mai, 
2018). Statistical power is the probability of finding statistical significance. The power 
analysis formula for logistic regression was used and the results are depicted below. A post 
hoc power analysis was conducted using the software package. The sample size of 328, 
p=0.05 was used for the post hoc power analysis. Effect size is the difference between two 
groups, with p0 representing the portion of the sample that does not re-link to care within 90 
days and p1, 0.55 the portion of the sample that does re-link to care within 90 days (see 
analysis section, Chapter 4). The post hoc power for this study was 0.4397.  
Aim 1: Descriptive Statistics  
The first aim of the study was to describe the sample of PLWH identified as out of 
care during a hospitalization at two urban academic medical centers from 2013-2016.  The 
purpose of the initial data analysis was also to identify threats to internal validity of the 
study.  
SAS statistical software was used to examine study variables for normality. 
Univariate frequencies and descriptive statistics were calculated on the individual variables, 
including the dependent variable (re-linkage), and the community-level variables. 
Additionally, skew, kurtosis and Pearson correlations between all predictors were calculated 
for the continuous variables.  
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Aims 2-4: Inferential Statistics  
 Aims 2 through 4 are based on inferential statistics (bivariate and multivariate 
analyses) and include:  
 Aim 2: Identify potential individual-level predictors of re-linkage to HIV care among 
PLWH that are identified as out of care during a hospital encounter from 2013-2016.  
 Aim 3: Identify potential community-level predictors of re-linkage to HIV care 
among PLWH that are identified as out of care during a hospital encounter from 
2013-2016. 
 Aim 4: Identify cross-level interactions between individual-level and community-
level predictors of re-linkage to HIV care.  
 
The PROC GLIMMIX procedure in SAS was used for the inferential portion of the analysis.  
Basic Syntax for PROC GLIMMIX Procedure 
In order to proceed with the bivariate and multivariate analysis, each categorical 
predictor was dummy coded manually. Each category was made the reference value, 
resulting in k-1 variables for each predictor. For the HIV transmission risk factor variable, a 
second manual process separated risk factors into two categories: “IDU-related risk factors” 
and “non-IDU-related risk factors.” These are broken down as IDU, heterosexual/IDU, and 
MSM/IDU and heterosexual, MSM, perinatal, and transfusion. PROC GLIMMIX is the SAS 
procedure applied in multi-level models with a binary outcome. Bivariate relationships 
between each independent variable (individual and community-level fixed effects) and the 
dependent variable (re-linkage) were tested using a multi-level framework. In SAS, the 
PROC GLIMMIX procedure is used to analyze hierarchical data with unbalanced 
distributions (HGLM, described earlier in chapter), such as binary outcomes (Zhu, 2014). 
Each independent variable was entered as a fixed effect in the “model” statement. The 
“class” statement represented any categorical variables. The following syntax was used:  
Equation 4. SAS Syntax for Bi-viarate Analysis 
proc glimmix data=commind4 method=laplace; 
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class zip transport_rec (ref="0"); 
model HRSA_cat = HIV/ solution dist=binary link=logit or; 
random intercept /subject=zip  type=un; 
lsmeans HIV/ilink;  
run; 
Each level 1 independent variable was entered as a fixed effect in the “model” statement. 
A binary distribution was specified with the request for the output to be expressed as a logit. 
The degrees of freedom were specified by ddfm=bw and correspond to the between subject 
and within proportions method (SAS Institute Inc., 2009). The “random” statement is for the 
random effects at each level (Zhu, 2014). There was no random intercept indicated for level 2 
based on the non-significant ICC described above. The “lsmeans” statement represents the 
least squares means of fixed effects and is for statements with categorical variables only. The 
least squares means command calculates an approximate t-test for the null hypothesis that the 
associated population quantity equals zero, similar to calculating an arithmetic mean in a 
balanced distribution (SAS Institute Inc., 2009).  
Scaling of Level 1 Predictors 
Before proceeding with the analysis, a decision was made regarding the scaling of level 1 
independent variables. There are three options (Hofman et al., 2000): 1) raw-metric approach 
where the level 1 predictors are used in their original form; 2) grand-mean centering where 
the grand mean of the level 1 variable is subtracted from each individual’s score; or 3) group-
mean centering, where the group mean is subtracted from each individual’s score on the 
predictor.  
Raw-metric and grand mean centering generally yield equivalent models. The decision on 
which method to choose should be based on the theoretical framework and hypothesis of the 
research. Group-mean centering was not ideal in this case since it does not take into account 
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between-group variance when estimating the level 2 model (Hofman et al., 2000). In this 
study, the effects of the level 1 variables must be considered when estimating level 2 models. 
In the case of this study, the raw-metric or grand means approach is the most theoretically 
sound. The grand mean approach was chosen to assist in completing Aims 3 and 4 (see next 
section). Grand mean centering took place using the following syntax, for level 2 predictors:  
Equation 5. Scaling of level 2 predictors 




data new dataset; set original dataset; 
centered variable = variable-grand mean; 
run; 
Unconditional Model 
Prior to building models for the bivariate predictors, the empty model, or 
unconditional model, was used to calculate the ICC was assessed. The empty model also 
provides an estimate of re-linkage across zip codes. 
Aims 2-4: Multivariate Model Building Process 
The model-building procedure was based on the approach suggested by Ene, 
Leighton, Blue, & Bell (2014) and illustrated in Table .  
Table 7. Model building process for two-level generalized linear models with random 
intercepts only. Adapted from, “Multilevel Models for Categorical Data using SAS® PROC 
GLIMMIX: The Basics,” by Ene, Leighton, Blue & Bell, 2014, p. 4. 
Model 1 Model 2 Model 3 
No predictors, just random effect 
for the intercept 
Model 1 + level 1 fixed effects Model 2 + level 2 fixed effects 
Output used to calculate ICC 
(completed in steps outlined 
above) 
Results indicate the relationship 
between level 1 predictors and the 
outcome 
Level 2 fixed effect results 
indicate the relationship between 
level 2 predictors and the 
outcome. Rest of the results 
provide the same information as 




Since there were no significant contributions from the community-level predictors (see 
Chapter 4), Model 3 was omitted from the procedure.  
The following equation was used for the multi-level analysis (Tabachnick & Fidell, 
2013; Zhu, 2014):   
Equation 6. Equation for Multi-Level Analysis 
Yij = λ00 + λ 10Xij (1)+ B01jxj + B11jXijXj (2) + eij 
Y = Independent variable  
e = residual  
Where i = Level 1 
Where j = Level 2 
(1) = Level 1 co-variate = Xij 
(2) = Level 2 co-variate = Xj 
 
Syntax. The SAS syntax for the multi-level multivariate model is included below. Please 
see the explanation under the bivariate analysis section for details on the syntax.   
Equation 7. Syntax for Multivariate Multilevel Model 
proc glimmix data=commind4 method=laplace;  
class zip STABLE (ref="0") NO_SA (ref="0");  
model HRSA_cat = STABLE NO_SA/solution dist=binary link=logit 
or ddfm=bw;  
random intercept /subject=zip type=un;  
lsmeans STABLE NO_SA/ilink;  
run; 
 The results of each model were depicted in a table for the outcome (re-linkage to 
care) showing the odds ratio, 95% confidence interval and p-value for each independent 
variable (J.  Bauermeister et al., 2015).  
Model fit was examined by progressing through the model-building process outlined 
by Table 7 and observing changes in -2LL. A likelihood ratio test, similar to the chi-square 
difference test, was used to determine whether the change in -2LL was statistically 
significant, where χ 2 is equal to the difference in the -2LL of the more simple model (i.e., 
44 
 
the model with fewer parameters to be estimated) minus the -2LL of the more complex 
model, and with degrees of freedom (df) equal to the difference in the number of parameters 
between the two nested models (Ene et al., 2014).   
Summary 
 The research design for this study was developed based on the research question and 
theoretical constructs developed based on ABM. A retrospective analysis was conducted 
based on data abstracted from three sources: the JI Database, American Community Survey 
and Maryland HIV Epidemiologic Report.  
The methods for this study were based on hierarchical generalized linear modeling, 






 To re-cap, the intended aims of this study were as follows:  
1. Describe the sample of PLWH that are identified as out of care during a 
hospitalization at two urban academic medical centers from 2013-2016.   
2. Identify potential individual-level predictors of re-linkage to HIV care among PLWH 
that are identified as out of care during a hospital encounter from 2013-2016.  
3. Identify potential community-level predictors of re-linkage to HIV care among 
PLWH that are identified as out of care during a hospital encounter from 2013-2016. 
4. Identify cross-level interactions between individual-level and community-level 
predictors of re-linkage to HIV care.  
Due to the fact that the ICC was 0 and no association was found between community-
level factors and re-linkage to HIV care, aims 3 and 4 were not pursued.  
Individual-Level Data Cleaning and Set-Up Procedures 
Distributions and Outliers 
The minimum and maximum values for continuous variables were inspected. All 
values were plausible, and outliers were verified in the patient medical record. Skewness and 
kurtosis of continuous variables are depicted by Table 4. 
Table 4. Distribution of Continuous Variables 












 Age was normally distributed, confirmed by the skewness and kurtosis. CD4 and VL 
were found to potentially present some issues, due to significant departures from normality. 
Both CD4 and VL were positively skewed (skewed to the right). Therefore, a logarithmic 
transformation was applied to both of these variables (Tabachnick & Fidell, 2013).   
Missing Data  
Missing data analysis is customarily conducted when there is more than 5% data missing 
for a given variable. For continuous data, the percent missing per variable were as follows: 
age = 0%; CD4 = 4.9%; Viral load = 11.0%.  
For categorical data, housing status, provision of transportation assistance, history of 
mental illness, and history of substance use are missing 8.5%, 17.1%, 7.4% and 3.2% of data 
respectively.  
A decision was made not to replace or impute missing data due to the overall small 
amount of missing data across variables in consultation with the dissertation committee.  
Aim 1: Descriptive Statistics 
Aim 1: Describe the sample of PLWH who are identified as out of care during a 
hospitalization at two urban academic medical centers from 2013-2016.   
Individual Level  
Table 5. Descriptive statistics of individual-level variables (n=328 unless otherwise 
specified) 






Age 46.72 +/- 11.08 











Table 5 (continued).  




More than one race 
Other 






























HIV Status  
HIV-positive, not AIDS defined 
CDC-defined AIDS 











































History of Substance Abuse  
No history of substance use 
Active substance use 











CD4 count, log10 (n=309) 2.04 +/- 0.70 





In order to perform a descriptive analysis of the community level data and proceed to 
the multivariate analysis, a composite score for socioeconomic disadvantage was calculated. 
The KMO was adequate and Bartlett’s Test for Sphericity was significant, suggesting the 
sample was appropriate for factor analysis. The measure of sampling adequacy for each item 
was less than 0. The MSA was adequate for each item (greater than 0.6). Extraction of the 
factors was completed using a fixed number of factors at 1. The explained variance was 
53.749%, with solid factor loadings, ranging from .458-.948.   
Composite scores for socioeconomic disadvantage were created based on the mean of 
the items using regression methodology.  Regression factor scores predict the location of 
each individual on the factor (DiStefano, Zhu, & Mindrila, 2009). Regression factor scores 
were chosen as they maximize the validity of the factor score, however, they are not unbiased 
(DiStefano et al., 2009). Regression factor scores are standardized to a mean of zero, with 
higher scores indicating greater socioeconomic disadvantage.  The range of factor scores 
ranged from 1.03-4.13 and was calculated for each zip code associated with the patients in 
the sample.  
Descriptive statistics of the composite score representing socioeconomic disadvantage 
was conducted to assess the normality of the distribution of the factor scores before 
proceeding to include them in inferential analysis. The skewness value was -.245 (SE=.135) 
and the kurtosis value was -.779 (SE=.268). Skewness and kurtosis values that fall within an 
absolute value of 2 to be normal. Applying these rules, normality was evident.  
Descriptive statistics were run on the community level variables and are depicted in 
Table 6. Grand mean centering was used in the multi-level analysis using these data.   
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Table 6. Descriptive statistics of community-level variables, by zip code (n=12) 
Characteristic Mean +/- SD 
Socioeconomic Disadvantage  2.3583 +/- 0.9726 
HIV Prevalence  0.0279 +/- 0.0121 
Correlations 
The relationships between the independent variables were examined, noting those that 
were highly inter-correlated (>.85) or that seemed to be almost identical in cross-tabulation.  
A Pearson product-moment correlation coefficient was computed to assess the 
relationships between the independent continuous variables. Zip code level HIV prevalence 
and zip code level socioeconomic disadvantage were highly intercorrelated, r = 0.85, n = 
328, p < 0.0001.  
Cross Tabulation  
 The variable HIV Transmission Risk Factor became an important study variable in 
the inferential analysis and eventually was separated into “injecting drug use”-related and 
“non-injecting drug use” –related risk factors for the multi-variate model. Fifty (50) cases 
indicated a “not specified” HIV transmission risk factor. A cross-tabulation compared the 
“not specified” risk factor to the variable “no history of substance use.” The cross-tabulation 
revealed that 27 participants with a non-specified risk factor had some history of substance 
use. This does not confirm injecting drug use, but does indicate that that there is a possibility 
that 27 of the 50 “not-specified” HIV Transmission Risk Factor cases may have an IDU-
related risk factor.  
Aim 2: Inferential Statistics 
Aim 2: Identify the individual-level predictors of re-linkage to HIV care among PLWH who 
are identified as out of care during a hospital encounter from 2013-2016.  
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Aim 3: Identify the community-level predictors of re-linkage to HIV care among PLWH who 
are identified as out of care during a hospital encounter from 2013-2016. 
The intercept provided by the unconditional (empty) model (-0.1834) represents the 
log odds of re-linking to care from a “typical” zip code.  
Table 7. Solution for Fixed Effects, Unconditional Model 
Effect Estimate Standard Error DF t value Pr > |t| 
Intercept -.1834 .1109 11 -1.65 .1263 
 
The unconditional model yielded the estimated result of Y00 =  - .1834 (se = .1109). 
As a result, a patient with a “typical” re-linkage rate has an expected log-odds of re-linkage 
of -0.1834.   
This estimate was transformed into predicted possibilities (PP). The results generated 
from the SAS PROC GLIMMIX syntax are shown below. The log odds of success were 
converted into the probabilities of success. Note here that that “success” is associated with a 
reference value of “0,” which is “not re-linking to care within 90 days of hospitalization.” 
The formula for the log odds are as follows:  
Equation 8. Predicted Probabilities, Unconditional Model 
P success = 0ij = enij/(1+ enij) = e-.1834/(1+e-.1834) = .4542 
P failure = 1- 0ij = 1-.4542 = .5458 
The covariance parameter estimates were used to calculate the ICC earlier and are 
illustrated in the table below. This result indicates that none of the variability in re-linkage 
could be attributed to the community/zip code level. 
Table 8. Covariance Parameter Estimates, Unconditional Model 
Cov Parm Subject Estimate Standard Error 




PROC GLIMMIX also produces output for model fit for all models estimated. The -2 
Log Likelihood (-2LL) of the unconditional model was 451.96.  
Bivariate relationships between each independent variable (individual and 
community-level fixed effects) and the dependent variable (re-linkage) were tested. The bi-
variate model yielded the following significant predictors: no history of substance use, stable 
housing, not having IDU as HIV transmission risk factor. HIV transmission risks for this 
variable included heterosexual, MSM, perinatal and “not specified.” The IDU categories 
included IDU, Heterosexual/IDU, and MSM/IDU. The “not specified” category creates a 
limitation to the applicability of the findings of this study and will be discussed in Chapter 5.  
Level-2 fixed effects did not yield any significant outcomes and therefore were not 
included in the multivariate model. As a result of this, analysis of Aims 3 and 4 was not 
pursued.  
Multivariate Model Building 
A multivariate model was built using the significant predictors from the bivariate 
model: no history of substance use (ref=0), stable housing (ref=0) and HIV transmission risk 
factor does not include IDU (ref=0).  
Table 9. Solution for Fixed Effects, Multi-Variate Model 
Effect Estimate Standard Error DF t value Pr > |t| 
Intercept -.7139 .1814 11 -3.94 .0023 
No history of 
substance use  
-.2945 .3027 31 .97 .3313 
Stable .4588 .2304 11 1.99 .0719 
Sex_other .5701 .2571 10 2.22 .0509 
 
The conditional model yields the estimated result of Y00 =  - .7139 (se = .1814). As a 
result, a patient with a “typical” re-linkage rate in the conditional model has an expected log-
odds of re-linkage of -.7139.   
52 
 
The log odds of success were converted into the probabilities of success using the 
following formula:  
Equation 9. Predicted Probabilities, Conditional Model 
Psuccess = 0ij = enij/(1+ enij) = e-.7139/(1+e-.7139) = 0.2947 
Pfailure = 1- 0ij = 1-.2947 = 0.7053 
The covariance parameter estimates are included in Table 10.  
Table 10. Covariance Parameter Estimates, Multivariate Model 
Cov Parm Subject Estimate Standard Error 
Intercept Zip Code 0 - 
 
PROC GLIMMIX also produces output for model fit for all models estimated. The -2 
Log Likelihood (-2LL) of the multivariate model is 435.70.  
 Table 11 compares Models 1 and 2 side by side to demonstrate the improved model 
fit in Model 2. Equation 9 depicts the deviance test between the unconditional and 
conditional models, demonstrating the degree of improvement of fit between the models. 
Table 11. Estimates for Two-level Generalized Linear Dichotomous Models of Re-linkage 
(n=328) 
 Model 1 Model 2a 
Fixed Effects   
Intercept -.1834 -.7139* (.1814) 
No history of 
substance use  
 -.2945 (.3027) 
Stable  .4588 (.2304) 
Sex_other  .5701* (.2571) 




Model Fit   
-2LL 451.96** 435.70** 
Note: *p<0.05 **likelihood ratio test significant; Values based on SAS PROC GLIMMIX. Entries show parameter estimates 
with standard errors in parentheses; Estimation Method = Laplace.  
aBest fitting model 
 
 A deviance test calculated the difference in model fit between Model 1 (unconditional 





Equation 10. Deviance Test Between Model 1 and Model 2 
X2diff = -2LLmodel 1 - -2LLmodel 2 
 
X2diff = 451.96 – 435.70 = 16.26 
 
Summary 
 The final model indicates that participants with a non-IDU associated risk factor, 
without a substance use history and with stable housing are more likely to re-link to HIV care 
after hospitalization (intercept = -.7139) than individuals with these characteristics and re-
linking based on the unconditional model (intercept = -.1834). The predicted probability of 
re-linking to care was .54 in the unconditional model versus .70 in the model with predictors. 










 The purpose of this study was to identify potential community level and individual 
level effects of re-linkage to HIV care within 90 days of hospitalization among out of care 
people living with HIV (PLWH). The sample for the study were PLWH identified as “out of 
care” at the time they were hospitalized at two urban medical centers from 2013-2016. 
Andersen’s Behavioral Model (ABM) was used as the framework to theoretically examine 
constructed effects. Individual participants were grouped by zip code of residence during 
hospitalization and investigated using a multi-level framework. 
 The final model indicates that participants with a non-IDU associated risk factor, 
without a substance use history and with stable housing are more likely to re-link to HIV care 
after hospitalization (intercept = -.7139) than individuals with these characteristics and re-
linking based on the unconditional model (intercept = -.1834). The predicted probability of 
re-linking to care was .54 in the unconditional model versus .70 in the model with predictors. 
The deviance test between two models indicated a better fit in the conditional model (X2diff = 
16.26).  
Although the results inform the evidence base, there is an ongoing gap in knowledge 
related to the concept of re-linkage to HIV care. 
Findings Related to Andersen’s Behavioral Model and Hypothesized Relationships  
Individual Characteristics 
Substance use was characterized as a pre-disposing individual characteristic in the 
context of ABM. Consistent with previous studies, where substance use is associated with 
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poor retention in care (Colasanti et al., 2017), poor adherence to ART and poor viral 
suppression (Metsch et al., 2016; Nicholas et al., 2014), participants in this study who had no 
history of substance use were more likely to re-link to HIV care after a gap in care. Although 
there is no prior evidence base related to re-linkage, these findings are consistent with other 
stages of the HIV care continuum.  
HIV transmission risk factor was also considered a pre-disposing individual 
characteristic. Consistent with prior evidence, IDU was associated with poor engagement in 
care. Prior studies associated IDU HIV transmission risk factor with less likelihood of being 
retained in care (Giordano, Visnegarwala, et al., 2005). In this study, both heterosexual and 
MSM risk factors were associated with greater increased likelihood of re-linkage. Prior 
studies associated MSM risk factor with more optimal engagement than heterosexual risk 
factor (Fleishman et al., 2005).  
Housing status was grouped as an enabling individual characteristic in ABM. Prior 
studies associate unstable housing with poor utilization of HIV care (W. Cunningham et al., 
1999). Results of the current study and the association with re-linkage are consistent with the 
prior findings. Participants were more likely to re-link to care if their housing status was 
categorized as “stable.”  
Results of the current study did not yield any significant findings related to other 
measured individual characteristics to include age, race, gender, mental illness, CD4 count, 
HIV treatment, insurance, and transportation.  
Community Characteristics 
Socioeconomic disadvantage at the zip code level was not associated with re-linkage 
to HIV care in this study. In other studies, this cluster of variables has been linked to: AIDS 
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incidence (Zierler et al., 2000), survival among persons with AIDS (Trepka et al., 2013), 
transactional sex among adolescents (J. Bauermeister et al., 2016), HIV testing and 
prevention behaviors (J.  Bauermeister et al., 2015; Johns et al., 2010), antiretroviral therapy 
use among youth (Kahana et al., 2016) and depression, substance use and sexual risk among 
black heterosexual men (Bowleg et al., 2014). The lack of a measured relationship between 
socioeconomic disadvantage and re-linkage to care may have to do with the statistical 
construction of the neighborhood (zip code) rather than the relationship with the outcome. 
Further study will be needed to confirm the hypothesized theoretical relationship. This 
limitation in the current study will be further described in the corresponding section.  
HIV prevalence has been applied as a contextual variable at various geographic levels 
including Metropolitan Statistical Area (MSA), county, zip code and census tract/ block 
group (Cooper et al.; Kahana et al., 2016). In some studies, community-level HIV prevalence 
is associated with “protective” behaviors, including increased rates of HIV testing and HIV-
related services, condom use, and ART use among PLWH (J.  Bauermeister et al., 2015; 
Kahana et al., 2016). In other studies, higher geographic HIV prevalence is associated with 
AIDS and missed HIV care visits (Kahana et al., 2016; Trepka et al., 2013). There was no 
association between HIV prevalence and re-linkage to HIV care in this study. Further study 
will be needed to confirm the hypothesized theoretical relationship. This limitation in the 
current study will be further described in the Limitations section. 
In this study, Davidson’s depiction of ABM was adapted to depict hypothesized 
theoretical relationships for the construct of engagement in HIV care based on the findings of 
a concept analysis (Mignano, 2016). Although there were no significant findings at Level 2 
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(community level) in this study, the theoretical framework was preserved in the model 
building process and will be tested in future studies.  
Policy and Health Care System Implications 
The findings of this study emphasize the social determinants of health (Braveman, 
Egerter, & Williams, 2011). Each component of the multivariate model will be discussed in 
the context of policy and health care system implications. 
Substance Use 
Approximately 45% of the 328 study participants identified an IDU-related HIV risk 
factor and more than 70% have a history of substance abuse, 50% of whom reported “active 
substance use” at the time of study enrollment. For many of these individuals, substance use 
is more prominent than their HIV disease and/or the medical issue that warranted an inpatient 
admission. Prior research demonstrates substance use adversely affects every stage of the 
HIV care continuum at the individual level (Chakraborty et al., 2015; Lucas, Gebo, Chaisson, 
& Moore, 2002; Vagenas et al., 2015). Prior research indicates an association between 
provider-level and policy-level influences and HIV care continuum outcomes for persons 
who use substances (Grau et al., 2017).  
The story is all too predictable for many, such as PLWH like the participants in this 
study. After hospital discharge, those that make it to HIV care may only be retained 
temporarily, as their untreated or undertreated substance use can contribute to subsequent 
gaps in care and exacerbated social or medical challenges (Berry et al., 2013; The Foundation 
for AIDS Research, 2016).    
 The systems that care for our nation’s substance using population faces challenges 
related to facility capacity, inadequate compensation of qualified staff, availability of and 
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retention of qualified staff, and lack of evidence-based treatment (Bouchery, Morris, & Little, 
2015). Furthermore, substance use disorder is not viewed as an illness in many parts of our 
health care system, but is treated as a marginalizing condition (Kreek, 2011). Substance use 
disorder is an illness, characterized by the Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition (DSM-5) (American Psychiatric Association, 2013).  
A provider’s attributes can also contribute to this group’s willingness to engage as 
well, such as availability of provider-initiated HIV testing (Leblanc, Flores, & Barroso, 2016; 
Robertson et al., 2016; Vagenas et al., 2015), as well prescribers’ opinions about when to 
initiate antiretroviral treatment, interpersonal skills, and cultural competence and can alter the 
path of PLWH (Grau et al., 2017). Improved communication and coordination of services are 
necessary to improve HIV care continuum outcomes for PLWH who use substances (Grau et 
al., 2017). 
Housing 
 Secure living conditions are also an ongoing barrier for engagement in HIV care, such 
as housing, food security and transportation (W. Cunningham et al., 1999; Dombrowski, 
Simoni, Katz, & Golden, 2015). Stable housing is consistently associated with improved 
health outcomes and health care utilization among PLWH, evidenced in a meta-analysis 
(Leaver, Bargh, Dunn, & Hwang, 2007). This concept was re-emphasized in the current 
study, with stable housing a significant contributor to re-linkage to HIV care among 
participants and part of the best fitting multivariate model. Housing assistance for PLWH is 
provided through the Federal program, Housing Opportunities for Persons with AIDS 
(HOPWA) as a result of the AIDS Housing Opportunities Act in 1990 (US Department of 
Housing and Urban Development, 2018). Despite the federal program, PLWH struggle with 
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unstable housing, 40% in this study. Housing is a modifiable barrier, and one that is 
evidenced to result in improved outcomes among PLWH when stable and over time is a 
stronger predictor than other individual characteristics (Aidala et al., 2016). There is also 
extensive evidence that demonstrates that housing assistance costs offset medical costs and 
averted HIV infections (Basu, Kee, Buchanan, & Sadowski, 2012). Based on the findings of 
this dissertation study, stable housing is more likely to lead to re-linkage to HIV care among 
PLWH.  
How can we expect to get to 90% viral suppression like this (White House Office of 
National AIDS Policy, 2015)? The opioid crisis exacerbates the burden of these factors – 
with substance use once viewed as the “old” HIV, now making an appearance in our all parts 
of our HIV positive population – young, old, rural, urban, private and publically insured 
(Huang, Keyes, & Li, 2018).    
Ideally, substance use, housing and other wraparound services (i.e. case management, 
housing, and nutrition/food support) should be co-located with HIV treatment services. 
However, in the case of PLWH who are not in care, peer navigation and case management in 
the “pre-clinic setting” may be needed to provide these services (W. E. Cunningham, Wong, 
& Hays, 2008; L. I. Gardner et al., 2005; Kenya et al., 2014). “Meeting them where they are” 
is an important consideration for PLWH who are not accessing the health care system at all – 
or using it intermittently for emergent or acute illness (Mignano et al., 2017; Thompson et 
al., 2012).  
Nursing Implications 
 Nurses have the potential to have a positive effect on HIV-related outcomes based on 
the contacts nurses have with PLWH at each stage of the HIV care continuum (Mignano, 
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2016). Hospitalization is an opportunity to interact with individuals that may otherwise be 
“off the grid” as it relates to the health care system. Evidence-based nursing models (Naylor, 
2012), as well as effective interventions to link PLWH to care after diagnosis (Anthony et al., 
2007; Thompson et al., 2012) may be drawn upon to improve re-engagement and improve 
long-term clinical outcomes.  
The findings of this study may inform nursing interventions at the acute care level, 
especially as it relates to mobilizing resources for housing and substance use. Furthermore, 
health care system level interventions that involve nursing may be implemented to identify 
PLWH who are out of care and assure that patients have follow-up scheduled post hospital 
discharge. At the hospitals involved in this study, diagnosis codes are being used to generate 
notifications in the EMR that signal the health care team when PLWH enters the acute care 
setting, so that their HIV care status can be assessed and acted upon. Intervening in this 
manner not only may positively affect the individual due to subsequent HIV care continuum 
outcomes, but also the health of the public by preventing new cases of HIV.  
Limitations 
There are several limitations to this study. First, results are specific to the population 
of hospitalized PLWH in a specific urban geographic area and may not be generalizable to 
other parts of the United States. Second, the sample size may not be representative of all 
hospitalized PLWH in Baltimore, Maryland. Longitudinal analysis was limited to 90 days, 
which is only a point in time for this population and specific to one definition of re-linkage to 
care. Ninety-day follow up was also limited by the available data. Incomplete or lack of 
follow-up data resulted in the elimination of cases during the data cleaning process.  
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HIV transmission risk factor was an important study variable, a significant effect 
related to the outcome of interest. However, there were 50 cases that were “not specified.” 
The “not specified” cases were grouped with the “non-IDU” risk factors, however, this may 
have led to inaccurate results if any of the 50 participants had an IDU-related risk factor. The 
cross-tabulation results indicated that 27 of these 50 cases had some history of substance use, 
although injecting drug use history is unknown.  
The multi-level framework was limited by the available data and patient population. 
Ultimately 12 of the 50 zip codes from the original study data set were included in the final 
study data set due to availability of complete data and the number of participants from each 
zip code and the need for an adequate group size, in this case, n=5. The zip codes included in 
the study may have been too “similar” to explain community level relationships. This was 
evidenced by the ICC of 0. Eight (8) (67%) included zip codes are in West Baltimore – 
which represent a “similar” population from a socioeconomic perspective, facing some of the 
greatest burden of poverty in Baltimore (Barbot, 2013). The other 4 zip codes make up parts 
of east and south Baltimore, also socioeconomically challenged parts of town.  
Validity Concerns 
There were internal, external, construct and statistical conclusion concerns of validity.  
Internal Validity  
The main threats to internal validity in this study were around instrumentation and 
human factors.  
Individual data. The database that was used as the source of data for this study relied 
on non-clinical staff who performed data entry over an extended period of time for patient 
tracking, program implementation and evaluation purposes. Although staff were trained and 
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provided with a data dictionary to define the data collection variables, there is risk for bias in 
their interpretation of variables. The reliability of the individual collecting the data and/or 
entering the data may be inconsistent and imperfect.  
Incomplete, lost data or unclean data was another substantial threat to internal validity 
in this study. Since this study involved a data set that was already collected, it was not 
possible to modify, improve or re-collect all data points that are missing. Although this was a 
retrospective study, the data for the JI Database were collected in real time.  
Finally, grant reporting requirements for the JI Database changed over the study 
period. Therefore, the data fields and definitions changed slightly over time. During the data 
cleaning process, each measure was examined and if there were inconsistencies in variable 
definitions the variable was removed.  
Community-level data. The ACS sample used in this study was smaller than the 
sample of prior ACS samples and therefore had larger sampling errors. Coefficients of 
Variation (CVs) are reported with each estimate as a reliability measure (United States 
Census Bureau, 2014). The five year estimates were used because they provide the largest 
sample size and the most reliable data (United States Census Bureau, 2015). Since data is at 
the ZCTA level, five year estimates are the most suitable due to small population samples 
sizes across many zip codes.  
The ACS survey is conducted online, by mail, by telephone or in person interview 
with initial instructions to complete the survey online. Mail, telephone and interview options 
are available when an online response is not received in order to capture the most complete 
sample. There are threats to reliability when an interview is conducted including the 
demeanor or bias of the interviewer, the delivery or interpretation of questions of the 
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interviewer and the interviewee’s perception of the interviewer (Streiner, Norman, & 
Cairney, 2015).  
The Maryland Epidemiologic data has several limitations that may have posed threats 
to internal validity (Maryland Department of Health & Mental Hygiene, 2015b):  
a. Some zip codes overlap county boundaries and therefore were listed in both 
counties.          
b. The number of cases was based on residence of diagnosis not current 
residence and there was a large amount of movement of individuals both 
within and out of the state.        
c. In order to protect the confidentiality of reported HIV cases, data were 
suppressed in the following instances:  
i. Data describing a demographic group or geographic area (e.g. ZIP 
code) with a population less than 1,000 people. 
ii. All clinical/laboratory information if it is describing less than 5 cases. 
iii. If any cell is suppressed, additional cells are also suppressed as 
necessary to prevent back calculation of the suppressed cell(s).  
Zip code level community data were chosen as a means to examine neighborhood-
level variation in the dependent variable. However, the zip code level may not represent 
“true” community boundaries in Maryland. Also, ZCTA data may not map directly to postal 
zip codes, although this assumption was made for the purposes of this analysis.  
External Validity  
The sample for this study was not statistically constructed to represent any specific 
population and was not randomly selected. The study population was predominantly urban 
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and hospitalized at two medical centers in a single U.S., urban area. As a result, the 
generalizability of the findings from this study are limited to the specific patient context and 
geographic area. Due to the extended period of time of data collection, the study population 
was intended to be a representative sample of hospitalized PLWH in Baltimore, Maryland 
who are not engaged in outpatient HIV care. All patients encountered during the study time 
period were included due to the de-identified, retrospective study design. 
Statistical Conclusion Validity  
Low statistical power was a concern in this study. Adequate sample size for the 
analysis was assured so that the conclusions are accurate as possible (see power analysis). 
This may be affected by the number of patients in my sample and the completeness of the 
data for the sample. Statistical power also may be an issue in multilevel models if there are 
grouping concerns by zip code. To address this, a minimum of five units (patients) was 
applied per zip code for inclusion (Verran et al., 1995).  
 Recommendations for Future Research  
Future research should be conducted to further explore re-linkage after a gap in care 
and the subsequent longitudinal care continuum and clinical outcomes among PLWH. There 
is a limited evidence base on the re-linkage portion of the HIV care continuum – in large part 
due to limited access to the population of PLWH that are “out of care.” Retention and viral 
suppression are critical care continuum outcomes. It is important to further understand if “re-
linkage” ultimately leads to retention and viral suppression and to what extent. Once the 
evidence base related to the population is more established, it should be applied to test 
targeted interventions through operations research. HIV care continuum findings and results 
of the operations research should also be evaluated in the context of cost. It is critical to 
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further understand the cost of intervening versus the costs related to the subsequent care 
continuum and clinical outcomes, like medical costs and hospitalizations. Re-linkage may 
also be studied to understand its implications on HIV prevention, by projecting the averted 
HIV cases due to re-engagement in care and the subsequent clinical outcomes, like viral 
suppression.   
It is important to consider replication of this study among hospitalized PLWH in 
other hospitals in Maryland and in other urban geographic areas of the United States. A study 
with a broader geographic reach may allow for community level variation. These data may 
also be used to develop a pilot intervention study among hospitalized PLWH that specifically 
leverages the predictors of re-linkage to HIV care after hospitalization. The presence of 
community level effects may be applied to make the case for specific health or structural 
funding in various communities. Data may be used to develop and test community-based 
programmatic interventions or inform local policy.  
Some additional individual level variables that may be explored in the context of 
engagement in HIV care and ABM are patient activation (assessed using the Patient 
Activation Measure [PAM-13]), history of trauma, symptoms and patient perceived 
health/illness (Hibbard, Stockard, Mahoney, & Tusler, 2004; Marshall et al., 2013; Maulsby, 
Kinsky, et al., 2015) and other community-level variables including crime and social 
cohesion (Elliott et al., 1996; Sampson et al., 1997). These variables are all associated with 
parts of the HIV care continuum in other studies.  
Conclusions  
This study identified characteristics of re-linkage to HIV care after hospitalization 
among PLWH who are out of care in Baltimore, Maryland. Some findings are consistent with 
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research pertaining to other parts of the HIV care continuum, however, the results of this 
study indicate that re-linkage is its own concept and perhaps its own stage of the HIV care 
continuum. Re-linkage is understudied, evidenced by the lack of comparable research in this 
population.  
 It was expected that community level variables would be associated with some level 
of prediction in the final model. HIV tracks with the social determinants of health, including 
poverty and has been observed in other studies related to aspects of the HIV care continuum 
(J.  Bauermeister et al., 2015; Centers for Disease Control and Prevention, 2011; Kahana et 
al., 2016). However, there were no observed relationships between measured community 
level variables and re-linkage to HIV care. The limitations of this study may be a reason for 
the lack of observed relationship and will be explored in future studies.  
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ZIP/zip code Individual  Zip code where 
participant resided 
at time of hospital 
encounter  
String EMR/ JI  
HS_LESS  Zip code  Proportion less than 
less than high school 
graduate 
Continuous ACS  
POV_LESS Zip code Proportion below 
poverty level 
Continuous ACS  
FEMALE_HOUS
E 
Zip code Proportion female 
headed household 
Continuous ACS  
UNEMPL Zip code Proportion of 
population over 16 
unemployed 
Continuous ACS 
PUBLIC Zip code Proportion living in 
household receiving 
public assistance 
Continuous ACS  






PREV Zip code  Proportion age 13+ 





Predisposing Age Individual Age at time of 
hospital encounter 
(calculated with date 
of birth and date of 
hospital encounter) 
Continuous  EMR 
RACE/Race Individual  Race(s) identified 














ETH/Ethnicity Individual  Ethnicity identified 







GEN/Gender Individual Gender identity of 








Individual If transgender Categorical  
0=Male to female 
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Definition/Measure Values  Data Source1 
SA/ Substance 
Use 
Individual  History of substance 
abuse 
Categorical 









Individual  History of mental 
illness 
Categorical  
0=No history of 
mental illness 
1=Presence or 

































































CD4 cell count 
(log transformed) 
Individual  CD4 cell count at 
hospital encounter; 
last recorded CD4 
cell count and date 
(Scale) 
Continuous  EMR 
VL_transform/ 
viral load (log 
transformed) 
Individual Viral load at 
hospital encounter; 
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Re-linkage  HRSA_Cat/ re-
linkage to care 
Individual  Re-linked to HIV 
care as evidenced by 
a medical 
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HIV provider within 













1 Data sources include: 1) Electronic Medical Record (EMR) of the University of Maryland 
Medical Center; 2) JACQUES Initiative Database (JI): created in 2013 by the JACQUES 
Initiative of the Institute of Human Virology at the University of Maryland School of 
Medicine in order to track variables for federal grant reporting and program outcomes; 3) 
American Community Survey (ACS): nationwide survey conducted by the United States 
Census Bureau that generates demographic, housing, social and economic data; 4) Maryland 
HIV Epidemiologic Profile (EP): Report of cases of HIV reported based on the zip code of 
the individual case at diagnosis.  
